The ethyl acetate extracts prepared from the mycelia of three endophytic fungi Purpureocillium lilacinum, Aspergillus sp., and Fusarium sp., isolated from the roots of Rauvolfia macrophylla (Apocynaceae) were screened for their antiprotozoal activity in vitro against Plasmodium falciparum (NF54), Leishmania donovani, Trypanosoma brucei rhodesiense, and Trypanosoma cruzi. Amongst these extracts, the one from P. lilacinum showed potent antileishmanial activity against L. donovani (IC 50 value of 0.174 μg mL −1 ) with good selectivity (SI = 94.9) toward the L6 cell line, whereas the other extracts were inactive and not selective. The fractionation and purification of the active extract from P. lilacinum by column chromatography over silica gel yielded a new ergochromone derivative (1), together with six known compounds: (22E,24R)-stigmasta-5,7,22-trien-3-β-ol (2), (22E,24R)-stigmasta-4,6,8(14),22-tetraen-3-one (3), emodin (4), chrysophanol (5), aloe-emodin (6), and palmitic acid, whose structures were elucidated spectroscopically. Compound 1 was tested in vitro for its antiparasitic activities against the above listed parasites and for its antimicrobial activity against Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, Escherichia coli, Providencia stuartii, Klebsiella pneumoniae, and Pseudomonas aeruginosa. The compound displayed potent antileishmanial activity against L. donovani with an IC 50 value of 0.63 μg mL −1 (0.87 μm) with good selectivity (SI = 49.5) toward the L6 cell line. It also exhibited good antibacterial activity against three of the tested microbial strains B. cereus, E. coli ATCC879, and P. stuartii ATCC29916 with minimum inhibitory concentrations below 62.6 μg mL −1
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Introduction
Endophytic fungi are organisms ubiquitously found in plants and residing intercellularly or intracellularly, at least for a portion of their lives without causing apparent symptoms of infection. They play important physiological and ecological roles in their host life. Research has shown that the symbiosis of many fungi with host plants produce bioactive metabolites in chemical defenses against pathogenic organisms. In the past two decades, many valuable bioactive compounds including terpenoids, steroids, xanthones, quinones, phenols, isocoumarines, benzopyranones, tetralones, cytochaslasins, and enniatins with antimicrobial, insecticidal, cytotoxic, antiparasitic, and anticancer activities have been successfully discovered from the endophytic fungi and may have potential for use in modern medicine and plant protection [1] . Considering that 6 of 20 of the most commonly prescribed medications are of fungal origin [2, 3] and that only 5% of the endophytic fungi have been described [4, 5] they may play a key role in the search for drugs against parasitic diseases such as malaria, leishmaniasis, and trypanosomiasis where conventional therapy faces problems due to resistance of the parasites to existing drugs. In the case of leishmaniasis and trypanosomiasis, drugs are outdated, complicated to administer, and can cause severe adverse reactions [6] [7] [8] . Consequently, newer and efficient drugs are needed. One of the rational approaches in the search for new drugs is the exploration of plants endophytes. They offer an enormous potential for new products if selected plants are from unique environmental settings such as Rauvolfia macrophylla (Apocynaceae), a Cameroonian medicinal plant used in traditional medicine to treat malaria and other parasitic diseases [9] . Previous investigation of this plant reported the isolation of several alkaloids [10] . However, to the best of our knowledge, no report has been published on its endophytic fungi. In a continuing search for antiparasitic compounds from Cameroonian medicinal plants and their endophytes, we have investigated the ethyl acetate extract of the mycelium of Purpureocillium lilacinum, which was found to possess potent antileishmanial activity against Leishmania donovani with IC 50 value of 0.174 μg mL −1 . We report here the isolation and the structure elucidation of a new ergochromone derivative (1), isolated from an active fraction of the extract together with the evaluation of its antiparasitic and antimicrobial activities.
Results and discussion
Three endophytic fungi were isolated from R. macrophylla (Apocynaceae). The taxonomic classification of these endophytes and their internal transcribed spacer (ITS) sequences were amplified by applying polymerase chain reaction (PCR), sequenced and analyzed in a BLAST-based approach. All obtained sequences showed hits against the databases with high identities (99%-100%) and sequence coverage (99%-100%). The strain T26 was classified on species level as P. lilacinum, whereas T23 belonged to the genus Fusarium and T18 was classified as Aspergillus strain ( Table 1 ). The ITS sequences in these two genera were 100% equal on the DNA level for quite many species. Therefore a classification on species level was here not possible. ) with good selectivity (SI = 94.9) toward the L6 cell line. It was subjected to successive column chromatography over silica gel, which yielded a new ergochromone derivative (1), together with six known compounds: (22E,24R)-stigmasta-5,7,22-trien-3-β-ol (2) [11] (22E,24R)-stigmasta-4,6,8(14),22-tetraen-3-one (3) [11] , emodin (4) [12] chrysophanol (5) [12] ), aloe-emodin (6) [12] (Fig. 1) , and palmitic acid [13] .
Compound 1 was obtained as a yellow amorphous powder. It gave a positive ferric chloride test, indicating its phenolic nature. The molecular formula C 32 H 30 O 14 , corresponding to 18 double-bond equivalents, was deduced from the electrospray ionization (ESI)-high resolution mass spectrometry (HRMS) which showed a pseudomolecular ion peak [M+Na] + at m/z = 661.1528 (calcd. The broad band-decoupled 13 C NMR spectrum of compound 1 (Table 2 ) displayed signals corresponding to 32 carbon atoms, which were assigned using distortionless enhancement by polarization transfer and heteronuclear single-quantum coherence spectra to three CH 2 groups (δ C = 23.1, 24.4, and 32.6 ppm); five CH groups, among them two aliphatic oxymethines (δ C = 67.0 and 71.3 ppm) and three aromatic CH (δ C = 107.7, 109.0, 140.1 ppm); two methyl groups including one aromatic CH 3 (δ C = 21.2 ppm) and another aliphatic (δ C = 17.5 ppm); two methoxy groups (δ C = 53.4 and 53.5 ppm); and 20 quaternary carbons of which two C atoms of ester groups (δ C = 171.4 and 171.5 ppm) and two carbonyl of xanthones hydrogen bounded to two adjacent hydroxyl groups (δ C = 187.0 and 187.5 ppm). In the 1 H NMR spectrum (Table 2) , signals of four chelated hydroxyl groups at δ H = 11.63, 11.71, 13.98, 13.99 ppm, and two broad singlets at δ H = 2.79 and 2.67 ppm exchangeable by D 2 O, were observed. The presence of two conjugated carbonyl groups at δ C = 187.0 and 187.5 ppm hydrogen bonded to two adjacent hydroxyl groups at δ H = 11.71, 13.98, 11.63, and 13.99 ppm (characteristic shifts of a keto-enol structure), as well as the analysis of the long-range correlations of the heteronuclear multiple-bond correlation (HMBC) experiments, suggested the presence of two tetrahydroxanthone rings [14] as shown in Fig. 2 . Analysis of these data revealed some similarities with that of neosartorin (1a) [15] . The difference between these two compounds was indeed the presence of the signal of two nonchelated hydroxyl groups (δ H = 2.67 and 2.79 ppm) in compound 1 and the lack of the signals of the acetyl group of compound 1a. Therefore, the locations of the hydroxyl groups were unambiguously deduced from the correlations observed in the HMBC spectrum between the hydroxyl protons at δ H = 2.67 and 2.79 ppm and the carbons C-5′ (δ C = 71.3 ppm) and C-5 (δ C = 67.0 ppm), respectively. The relative stereochemistry of compound 1 was determined on the basis of Hz) and correlation observed in the NOESY spectrum between H-5′ and H-6′ suggest the equatorial orientation of H-5′. Methoxycarbonyl moieties at C-10 and C-10′ are in a cis position with respect to protons H-5 and H-5′, respectively, as shown by the presence observation of nuclear Overhauser effect crosspeaks between the CH 3 protons of these groups and protons H-5 and H-5′. These data clearly indicated that compound 1 is a new ergochrome from P. lilacinum with the structure as shown.
The antiprotozoal activities of the ethyl acetate extracts from the mycelia of P. lilacinum, Aspergillus sp., and Fusarium sp., and compound 1 were evaluated in vitro against four parasitic protozoa: P. falciparum, L. donovani, T. brucei rhodesiense, and T. cruzi. The cytotoxic potential of these samples on mammalian L6 cells was also , respectively. Concerning the antitrypanosomal assays, all samples exhibited moderate growth inhibitory activity against both T. brucei rhodesiense and T. cruzi albeit with limited selectivity (SI < 10). A previous study indicated that the ethanol extract of P. lilacinum UFMGCB 1510 from the soil of Antarctic Peninsula displayed high trypanocidal against T. cruzi and moderate activity against L. amazonensis [16] .
The extract, sub-fractions T2 and T3 from P. lilacinum, and compound 1 were also evaluated for their antibacterial ). The ratio MIC/minimum bactericidal concentration (MBC) below 2 indicated their bactericidal properties. Although these activities are lower than those of the reference molecule gentamicin on the same strains, these results are significant because the tested strains are resistant to antibiotics.
The results obtained from this study, both the new ergochromone and the biological activities, are of interest. So far ergochromes were detected as secondary metabolites of Claviceps Spp., Penicillium oxalicum, Aspergillus ochraceus, A. fumigatiaffinis, Neosartorya fischeri, and various lichen species [17, 18] . A few bioactive metabolites have been isolated from P. lilacinum, including paecilotoxins, pyridone alkaloid paecilomide, and acremoxanthone [19] . This is the first isolation of an ergochrome from the mycelium of P. lilacinum. In addition, the low toxicity of compound 1 against a mammalian (L6) cell line is interesting and indicated that it could be considered as lead compound to be investigated for the formulation of new antileishmanial drugs. Xanthones have been reported to possess antileishmanial and cytotoxic activity [20] . Previous studies showed that the antileishmanial activity of xanthones involves complexation of heme, inhibiting the hemozoin formation [21, 22] .
The interesting antibacterial activity of compound 1 confirmed the antimicrobial potential of ergochromes, a class of secondary metabolites that have shown good activity even on clinical resistant strains of bacteria [17] .
All these results highlight the bioactive potency of ergochromones and justify the interest of the investigation of endophytic fungi as potential sources of new antiparasitic agents.
Materials and methods

General experimental procedures
All reagents were of analytical grade. Silica gel Merck 60 (0.063-0.200 mm) was used for column chromatography. Percolated aluminum backed silica gel 60 F254 sheets were used for thin-layer chromatography. Spots were visualized under UV light (254 nm and 365 nm) or using a solution of molybdate/Ce 4+ reagent followed by heating. Optical rotation was determined by using a JASCO DIP-3600 polarimeter. UV Spectra were recorded on a UV-3100 PC spectrophotometer. IR spectra were recorded on a JASCO FT/IR-410 spectrophotometer. The 1 H NMR and 13 C NMR spectra were recorded on a Bruker DRX spectrometer operating at 500 MHz and 125 MHz, respectively, with tetramethylsilane as an internal standard. HRMS were recorded on a Bruker Daltonics Micro ToF spectrometer.
Isolation of endophytic fungi
The endophytic fungi Aspergillus sp., Fusarium sp., and P. lilacinum were isolated from the stem bark of R. macrophylla (Apocynaceae) collected at the Mount Kalla in the Center Region of Cameroon. The stems of R. macrophylla were surface sterilized using the methods of Pimentel et al. [23, 24] . The stems were cleaned with distilled water for 10 min to remove impurities and surface debris. After air-drying, the cleaned stems were cut into small pieces and then sterilized in a sterile hood by immersion in 70° ethanol for 1 min, 2.4% sodium hypochlorite solution for 4 min, 70° ethanol for 30 s, and then washed three times with sterile distilled water for 1 min. The surface-sterilized samples were dried on sterile blotting paper, then cut into pieces (1 mm 2 ) and aseptically placed in petri dishes containing sterile potato dextrose agar (PDA medium), supplemented with chloramphenicol (250 mg L −1 ) to inhibit bacterial growth. All plates were incubated at room temperature until mycelium grew out hyphal tips that were cut and transferred to PDA. All the isolated endophytic fungi were stored on PDA tubes at 4°C.
Identification of endophytic fungi
The endophytic fungi were identified by sequencing of the ITS ribosomal DNA region. Fungal cultures were grown in liquid potato dextrose broth (24 g L −1 , pH 7) for 5-7 days at room temperature. After centrifugation (12 000 × g, 10 min, room temperature), the mycelium pellet was shock frozen and grinded with a pestle in liquid nitrogen. The fungal DNA was isolated from this powder using the DNeasy Plant Minikit (Qiagen, Hilden, Germany). PCR mixtures to amplify the ITS regions contained 2. , Promega), and 2 μL of isolated DNA in a total volume of 25 μL. PCRs were carried out with an initial denaturation at 95°C, followed by 35 cycles of denaturation at 95°C for 45 s, annealing at 52°C for 30 s and elongation at 72°C for 150 s. Final elongation proceeded at 72°C for 5 min. The resulting PCR products were purified using the QIAquick PCR purification kit (Qiagen) and sequenced via Sanger sequencing at the Centre for Biotechnology (CeBiTec, Bielefeld, Germany). For taxonomic classification, a BLASTn approach using the databases UNITE ITS and nr was performed. Hits showed high identities (98%-100%) and sequence coverage (99%-100%).
Fermentation, extraction, and isolation of compounds
The isolated endophytic fungal strains were introduced into test tubes containing sterile distilled water, supplemented with tween 80, to dissociated spores. Each inoculum was introduced in five flasks containing each sterilized solid medium made of rice as the base (100 g rice, 100 mL distilled water, sterilized for 1 h in an autoclave). The flasks were incubated at room temperature for 3 weeks. After incubation, the cultures were extracted at room temperature with ethyl acetate (2 × 5 L, 24 h each). The filtrates were concentrated under vacuum at room temperature to afford 12 g, 7.5 g, and 16 g of P. lilacinum, Aspergillus sp., Fusarium sp. crude extracts, respectively. A part of P. lilacinum extract (11 g) was submitted to repeated column chromatography over silica gel (0.063-0.200 mm) and eluted with mixtures of petroleum ether-EtOAc and EtOAc-MeOH, with a gradient of increasing polarity and resulted in 93 fractions of 150 mL each that were combined on the basis of their thin-layer chromatography profile to yield three fractions labeled T1-T3. Fractions T1 (3 g) was a complex mixture of oil and was not further study. 
Biological assays
Antiparasitic assay
In vitro activity against T. cruzi, T. brucei rhodesiense, L. donovani, P. falciparum, and cytotoxicity assessment using L6 cells (rat skeletal myoblasts) was determined using a 96-well plate format as previously described [26] . Data were analyzed with the graphic program Softmax Pro (Molecular Devices, Sunnyvale, CA, USA), which calculated IC 50 values by linear regression from the sigmoidal dose inhibition curves.
Antibacterial assay
Disk diffusion method
The agar disk diffusion method was used to assess the sensitivity of 9 bacterial strains to each test sample. This susceptibility test was performed as described by the standard protocol of CLSI-M-A9 [27] ) on the Muller Hinton Agar. Extract and compound solutions were prepared by dissolving 2 mg of each extract or compound in 0.5 mL of DMSO 2% giving a concentration of 1 mg mL −1 for each suspension. Gentamicin, used as standard antibiotic was dissolved to give the same concentration. Filter paper disks (diameter 6 mm) were impregnated with 10 μL of extract and gentamicin solution and placed on the inoculated plates. After 45 min, these plates were incubated at 37°C for 24 h and the zone of inhibition was measured in mm. All tests were performed in triplicate.
Micro-dilution method
Each extract or compound having led to the inhibition zone on bacteria growth after diffusion method was then investigated for the determination of the MIC and MBC. The micro-dilution method was used according to the standard protocol of CLSI-M11-A8 [28] . All tests were performed in nutrient broth supplemented with glucose and red phenol (BNGP). The investigated extracts were diluted to 100 μL of broth at first well of 96 wells of microplate. A serial doubling dilution of the extract was prepared over the range from 2000 to 7.81 μg mL −1 . Overnight broth cultures of each strain were prepared and the final concentration in each well was adjusted to 2 × 10 −6 cells mL −1 . The concentrations of extract or compound were finally in the range from 10 to 0.04 mg mL −1 . Microplates were incubated at 37°C for 24 h. The MIC was defined as the lowest concentration of the extract at which the microorganism does not demonstrate visible growth. The microbial growth was determined by a color change of phenol red from red to yellow. MBCs were determined by inoculation of 100 μL of culture medium at greater than or equal to the MICs onto agar plate and incubated for 24 h. The MBC was considered the lowest concentration of sample that allowed the survival of 0.01% of the initial inoculum [29] .
Supplementary information
NMR and ESI-HRMS spectra of compound 1 are given as Supplementary Information available online (http:// dx.doi.org/10.1515/znb-2016-0128).
